Introduction

42
The basis for sound diet formulation depends on having accurate and reliable data on 43 the digestible nutrient and energy value of raw materials that are used to make those diets 44 (reviewed by Glencross et al., 2007) . The determination of the digestible nutrient and energy 45 value of raw materials depends on having a viable method to measure the digestibility of 46 these parameters from the diets (Choubert et al., 1982; Suigura et al., 1998; Weatherup & McCracken, 1998) . However, the assessment of the digestibility of aquaculture diets can be 48 highly variable and the digestibility values are known to vary significantly depending on the 49 different methods used (reviewed by Glencross et al., 2007) . It is well recognised that faecal 50 collection is an integral part of the process for calculating digestibility values, and the 51 collection process can have a significant effect on the determination of the digestibility values 52 of diets (Windell et al., 1978; Weatherup & McCracken, 1998; Vandenberg & de la Noue, 53 2001; Glencross et al., 2005) .
54
Faecal collection methods can be grouped under two main methods; collection of un-55 defecated digesta, and collection of faeces settled from the water column. The three most 56 common techniques to collect un-defecated digesta are intestinal dissection, suction, and 57 stripping (Austreng et al., 1978; Vandenberg & de la Noue, 2001; Glencross et al., 2005; 58 been collected by stripping or settlement methods (Vandenberg & de la Noue, 2001; 76 Glencross et al., 2005; Glencross, 2006) .
77
Most studies allow fish to adapt to new diets before commencement of faecal 78 sampling; with times varying between five days and 14 days for a range of temperate and 79 tropical species (Glencross et al., 2005; Barrows et al., 2007; Glencross et al., 2012) . This is 80 done supposedly to allow the fish to adapt to the chemical composition of a new diet and 81 establish an equilibrium within the animals gut in terms of the absorption efficiencies from 82 that new diet before any sampling is initiated. However, although it is widely accepted that 83 fish require a period of time to acclimate to new diets, there have been limited studies 84 published that actually investigate the time that it actually take to adapt to introduction of a 85 new a diet or indeed variable levels of feed intake (reviewed by Glencross et al., 2007) .
86
Given the importance of accurately determining the digestibility of diets and raw ingredients,
87
this is an area which requires further attention.
88
Therefore, the present study was conducted to examine two key methodological issues 89 for digestibility assessment with barramundi (Lates calcarifer). In the first experiment, 90 differences in the digestibilities of dry matter, protein and energy of three diets (basal, starch 91 and lupin-meal based) were evaluated after faeces were collected by stripping or settlement 92 methods. In the second experiment, the variability of ADCs were evaluated over the first 14 93 days when barramundi were introduced to a new diet, using faeces collected by settlement 94 collection methods.
96
Methods
100
Ingredient preparation and diet formulation
101
The experiment design was based on a diet formulation strategy that allowed for the 102 diet-substitution digestibility method to be used (Aksnes et al., 1996) . For this, a basal diet 103 was formulated and prepared as one large batch (60 kg) to include approximately 540 g/kg 104 DM protein, 120 g/kg DM fat and an inert marker (yttrium oxide at 1 g/kg) ( 
134
All fish were manually fed the basal diet for 1 week prior to the commencement of the 135 trial. On commencement, the fish were fed their respective diets to apparent satiety as 136 determined by the loss of feeding activity after being offered food on three independent 137 feeding episodes over a ninety-minute period once daily (1530 to 1700), seven days a week.
138
Faeces were then collected the following morning (0830 -1030) from each fish within each removed from the ice-chilled collection tube at 0830 on each day, prior to the fish being 157 stripped, and transferred into a large vial before being stored at -18˚C.
158
For comparison of faecal collection methods, the stripped faecal data was compared against 159 the data from the last four days of settlement collection so as to ensure that the samples were 160 from a similar period of acclimation to the diets. hydrolysis destroyed tryptophan making it unable to be determined using this method.
178
The apparent digestibility (ADdiet) for each of the nutritional parameters examined in there was within the protein digestibility values also minimised after two days (Figure 3 ).
236
Energy digestibility values were variable over time and also took two to four days till the The key foci of this study were methodological, in that the study sought to define the effects 246 of faecal collection method and also acclimation time to diets, on the digestibility values determined 247 in barramundi. Although studies have been performed comparing the determination of whole diet 248 digestibilities based on faeces collected using either settlement or stripping techniques in salmonids 249 (Windell et al., 1978; Weatherup & McCracken, 1998; Vandenberg & de la Noue, 2001; Glencross et 250 al., 2005) , this is the first study to compare the influence of these faecal collection methods with 251 barramundi. Additionally, the study also examines the variation in digestibility over time to establish 252 what is the best acclimation time to diets prior to faecal collection. Similar such data from other 253 species could not be found. 254
255
Faecal collection method influences 256
There has been much debate on the positives and negatives associated with either faecal 257 collection method used in digestibility studies (reviewed by Glencross et al., 2007) . However, it is 258 widely acknowledged that the two faecal collection methods do result in different diet digestibility 259 value determinations (Windell et al., 1978; Weatherup & McCracken, 1998; Vandenberg & de la 260 Noue, 2001; Glencross et al., 2005) . These differences imply that there are compositional differences 261 in the faeces collected which immediately have connotations on the use of each faecal collection 262 method. Despite being more laborious and costly to collect, the data produced from faeces collected 263 using the stripping method was more conservative than the data produced from faeces collected using 264 the settlement method. This factor alone means that when provided with the option to use either data 265 set the rational decision is to use the data from the stripping method because of this conservatism. 266
It was noted in the earlier work of Glencross et al. (2005) that the greatest differences 267 between the nutrient digestibility assessments from the two faecal collection methods were those 268 ingredients with higher levels of carbohydrates. A similar result was also observed in the present 269 study with a greater number of significant differences in the digestibility of the Starch diet than either 270 the Basal or MKM diets. It is likely that this is due to high levels of carbohydrates in the faeces 271 decreasing faecal integrity and as such increases the dissolution of the faecal matter collected using 272 settlement techniques. 273
274
Temporal variation in digestibility values 275
One of the key elements of this study was to determine the time period over which the fish 276 should be fed a diet before faecal collection is initiated. Unfortunately there was little literature with 277 which to compare our data in this part of the study. Therefore, in assessing this question the key 278 parameter was considered to be the level of variability (as noted by the magnitude of the standard 279 error) in the data collected and also how the data at any time point compares to that data obtained atthe longest acclimation time point. This was based on the assumption that by this time point the fish 281 would have acclimated to the diet. The different digestibility parameters (dry matter, protein, energy) 282 were also subtly different in how they responded over time with respect to the variability and also 283 how they fared compared to the digestibility values from day 12 of the study. Fish fed the MKM diet 284 took the longest to acclimate to it and there was a higher level of data variance within the dry matter 285 digestibilities determined from that diet even up to day 10. However the protein and energy 286 digestibility parameters for that diet showed little variance and were relatively consistent from day 287 four onwards based on Figure 3 . 288
An important observation in this study though is the level of variability seen of the data from 289 the Basal diet. As indicated in the methods, the fish were fed this diet for one week before any faecal 290 collection commenced, yet on day one of faecal collection a decline in dry matter digestibility was 291 observed relative to the longer-term mean (Figure 3) . In fact throughout the two week study period 292
there was an inconsistency in the digestibility values determined for dry matter from this diet (and the 293 other two) which perhaps indicates that some variation in digestibility might be a natural feature 294 independent of acclimation time. 295
296
Conclusions 297
The two faecal collection methods used in this study are the two main methods used by fish 298 nutritionists worldwide and this study provides a good estimate of how well each method compares 299 when used with barramundi. The faecal stripping collection method is the more conservative of the 300 two assessments used in this study and therefore is the one we recommend for use with this species. 301
When assessing the variability in digestibility over time, it was observed that in the first three 302 days after a new diet is introduced, that the digestibility data obtained using the faecal settlement 303 methods, was particularly variable. After this time this variability diminished and values became more 304 uniform. We therefore recommend at least four days acclimation to new diets for barramundi before 305 any faeces are collected for digestibility studies. Isoleucine  31  16  28  0  0  Leucine  56  27  54  0  0  Lysine  55  14  10  0  0  Methionine  24  3  12  0  0  Phenylalanine  30  16  41  0  0  Proline  36  22  84  0  0  Serine  30  22  40  0  0  Taurine  7  0  0  0  0  Threonine  32  15  22  0  0  Tyrosine  24  16  28  0  0  Valine  36  15  29  0  0 Table 3 
